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Abstract 
The objective of this investigation is to find a solution to the critical problems such 
as the increase in friction and wear that may occur to the stand-by diesel engine for 
phase I units at Dr. Sharief Power Station due to engine rundown with low 
pressurized lubricating oil caused by the non operation of the pre-priming pump 
and low speed of engine mechanical oil pump. The study suggests a solution to 
these problems by allowing the cutting-in of pre-priming pump during engine 
rundown. 
 
Although the manufacturer assured the operation of the pre-priming pump during 
engine rundown, but it was verified that this pump failed to operate automatically 
or manually during the engine rundown when it was tested periodically.  
 
The relevant data for the pre-priming pump has been collected from the operating 
and maintenance instruction manuals for the stand-by diesel engine for phase I 
units at Dr. Sharief Power Station. The collected data on the existing pre-priming 
pump was analyzed in conformity with the manufacturer's recommendations and it 
was found that this pump was not following the normal operating procedure for 
heavy duty and high speed diesel engines. 
 
The study found that the solution for this problem is to modify the electrical stop 
circuit of the engine to provide the ability of automatic operation of the pre-
priming pump during the engine rundown. SIEMENS PLC software has been used 
to draw, modify and simulate the engine stop circuit and was applied properly.   
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  ﺧﻼﺻﺔ اﻟﺒﺤﺚ
اﺛﻨﺎء ﻤﻜﻦ ﺣﺪوﺛﻬﺎ اﻟﺘﻰ ﻳو  ﻣﺜﻞ زﻳﺎدة اﻻﺣﺘﻜﺎك واﻟﺘﺄآﻞﻠﻤﺸﺎآﻞﻻﻳﺠﺎد اﻟﺤﻠﻮل ﻟﻳﻬﺪف هﺬا اﻟﺒﺤﺚ 
 ﻟﻀﻌﻒﺷﺮﻳﻒ اﻟﺤﺮارﻳﻪ .  ﻟﻤﺤﻄﺔ دﻟﻤﺮﺣﻠﻪ اﻻوﻟﻰﻟﻮﺣﺪات ا اﻳﻘﺎف ﻣﺎآﻴﻨﺔ اﻟﻤﻮﻟﺪ اﻻﺣﺘﻴﺎﻃﻰ
 اﻟﻨﺎﺷﺊ ﻣﻦ ﻋﺪم ﻋﻤﻞ ﻣﻀﺨﺔ اﻟﺘﺰﻳﻴﺖ اﻻوﻟﻰ وﺑﻂء ﺳﺮﻋﺔ ﻣﻀﺨﺔ اﻟﺘﺰﻳﻴﺖ ﺘﺰﻳﻴﺖاﻟﺿﻐﻂ 
  .وﻟﻰ ﺑﺎﻟﻌﻤﻞ اﺛﻨﺎء اﻳﻘﺎف اﻟﻤﺎآﻴﻨﺔ وآﻴﻔﻴﺔ ﺣﻠﻬﺎ ﺑﺎﻟﺴﻤﺎح ﻟﻤﻀﺨﺔ اﻟﺘﺰﻳﻴﺖ اﻻﻴﻜﺎﻧﻴﻜﻴﺔاﻟﻤ
  
ﺗﻢ اﻟﺘﺄآﺪ ﻣﻦ ﻋﺪم اﻟﺘﺸﻐﻴﻞ اﻟﺘﻠﻘﺎﺋﻲ واﻟﻴﺪوى ﻟﻤﻀﺨﺔ اﻟﺘﺰﻳﻴﺖ اﻻوﻟﻰ ﻟﻤﺎآﻴﻨﺔ اﻟﻤﻮﻟﺪ اﻻﺣﺘﻴﺎﻃﻰ 
 ﺷﺮﻳﻒ اﻟﺤﺮارﻳﻪ ﻋﻨﺪ اﻳﻘﺎف اﻟﻤﺎآﻴﻨﻪ اﺛﻨﺎء اﻻﺧﺘﺒﺎرات اﻟﺪورﻳﻪ. ﻟﻤﺮﺣﻠﻪ اﻻوﻟﻰ ﻟﻤﺤﻄﺔ دﻟﻮﺣﺪات ا
  .  ﻟﻬﺬﻩ اﻟﻤﺎآﻴﻨﻪ ﺑﺎﻟﺮﻏﻢ ﻣﻦ ﺗﺄآﻴﺪ اﻟﻤﺼﻨﱢﻊ ﻋﻠﻰ ﺿﺮورة ﺗﺸﻐﻴﻞ هﺬﻩ اﻟﻤﻀﺨﻪ اﺛﻨﺎء اﻳﻘﺎف اﻟﻤﺎآﻴﻨﻪ
  
  
ﺘﺸﻐﻴﻞ ﻟ  اﻻرﺷﺎدﻳﻪﻜﺘﻴﺒﺎتاﻟﺗﻢ ﺟﻤﻊ اﻟﻤﻌﻠﻮﻣﺎت اﻟﻤﺘﻌﻠﻘﻪ ﺑﻨﻈﺎم ﻋﻤﻞ ﻣﻀﺨﺔ اﻟﺘﺰﻳﻴﺖ اﻻوﻟﻰ ﻣﻦ 
  . ﺷﺮﻳﻒ اﻟﺤﺮارﻳﻪ. ﻟﻤﺮﺣﻠﻪ اﻻوﻟﻰ ﻟﻤﺤﻄﺔ دﻟﻮﺣﺪات اوﺻﻴﺎﻧﺔ ﻣﺎآﻴﻨﺔ اﻟﻤﻮﻟﺪ اﻻﺣﺘﻴﺎﻃﻰ 
  
ﺑﻤﻘﺎرﻧﺔ اﻟﻄﺮﻳﻘﻪ اﻟﻔﻌﻠﻴﻪ ﻟﻌﻤﻞ اﻟﻤﻀﺨﻪ اﺛﻨﺎء اﻳﻘﺎف اﻟﻤﺎآﻴﻨﻪ ﻣﻊ ارﺷﺎدات ﺣﻠﻠﺖ اﻟﻤﻌﻠﻮﻣﺎت  
 ﻻﺗﺘﺒﻊ اﻻﺟﺮاءات اﻟﺴﻠﻴﻤﻪ  ووﺟﺪ ان اﻟﻄﺮﻳﻘﻪ اﻟﻔﻌﻠﻴﻪ ﻟﻌﻤﻞ اﻟﻤﻀﺨﻪ اﺛﻨﺎء اﻳﻘﺎف اﻟﻤﺎآﻴﻨﻪ اﻟﻤﺼﻨﱢﻊ
 ﻓﻰ  واﻟﺴﺒﺐ اﻟﺮﺋﻴﺴﻰﺔﻟﻨﻈﺎم ﻋﻤﻞ ﻣﺎآﻴﻨﺎت اﻻﺣﺘﺮاق اﻟﺪاﺧﻠﻰ ذات اﻟﺤﻤﻮﻻت واﻟﺴﺮﻋﺎت اﻟﻌﺎﻟﻴ
ﻳﻘﺎف اﻟﻤﺎآﻴﻨﺔ واﻟﺘﻰ ﻻﺗﺴﻤﺢ ﺑﺘﺸﻐﻴﻞ ﻣﻀﺨﺔ اﻟﺘﺰﻳﻴﺖ اﻻوﻟﻰ اﺛﻨﺎء ﻻ  اﻟﻜﻬﺮﺑﺎﺋﻴﻪﺪاﺋﺮةاﻟذﻟﻚ هﻮ 
  .ﺗﻮﻗﻒ اﻟﻤﺎآﻴﻨﺔ
  
 اﻟﻤﺎآﻴﻨﻪ ﻟﺘﺸﻤﻞ ﺎﻳﻘﺎفﺑ  اﻟﻜﻬﺮﺑﺎﺋﻴﻪ اﻟﻤﻌﻨﻴﺔﺪاﺋﺮةاﻟﺗﻌﺪﻳﻞ  هﻮ ﺣﻞ اﻟﻤﺸﻜﻠﻪ ان  اﻟﻰﺗﻮﺻﻠﺖ اﻟﺪراﺳﺔ
وﻗﺪ ﺗﻢ اﺳﺘﺨﺪام ﺑﺮﻧﺎﻣﺞ ﺳﻴﻤﻨﺰ  . اﻟﺘﺸﻐﻴﻞ اﻟﺘﻠﻘﺎﺋﻲ ﻟﻤﻀﺨﺔ اﻟﺘﺰﻳﻴﺖ اﻻوﻟﻰ اﺛﻨﺎء اﻳﻘﺎف اﻟﻤﺎآﻴﻨﻪ
ﻓﻰ ﻧﻈﺎم ﻣﺤﺎآﺎة ﺗﻢ اﺛﺒﺎت اﻟﻤﻌﺪﻟﺔ  وﺑﺘﻤﺜﻴﻞ هﺬﻩ اﻟﺪاﺋﺮة  اﻟﻜﻬﺮﺑﺎﺋﻴﻪﻟﺮﺳﻢ وﺗﻌﺪﻳﻞ داﺋﺮة اﻻﻳﻘﺎف
  .ﻧﺠﺎﺣﻬﺎ ﻓﻰ ﺗﺸﻐﻴﻞ ﻣﻀﺨﺔ اﻟﺘﺰﻳﻴﺖ اﻻوﻟﻰ اﺛﻨﺎء اﻳﻘﺎف اﻟﻤﺎآﻴﻨﺔ
  
    
 
VI 
 V
List of contents 
Subject                                                                                                                Page 
                                      
 Dedication                                                                                                                I 
 Acknowledgement                                                                                                     II                      
 Abstract (English)                                                                                                     III 
 Abstract (Arabic)                                                                                                      IV 
 List of contents                                                                                                          V 
 List of Tables                                                                                                          VIII 
 List of figures                                                                                                           IX 
 List of abbreviation                                                                                                  XI 
Chapter One: Description of Dr. Sharief Power Station 
1-1 Introduction                                                                                                        1 
1-2 Power Plant                                                                                                        3 
1-3 Common Areas                                                                                                  7 
         1-3-1 Fuel Oil Unloading Area                                                                          7 
         1-3-2 Fuel Oil Forwarding Area                                                                        7 
         1-3-3 Riverside Works                                                                                       7 
         1-3-4 Demi Water Treatment Plant                                                                    9 
1-4 the Stand-By Diesel Engine                                                                              12 
Chapter Two: Description of the Stand-By Diesel Engine 
2-1 Basic Data                                                                                                         14 
2-2 Fuel Oil System                                                                                                 16 
      2-2-1 Fuel Oil Filter                                                                                           16 
      2-2-2 Fuel Injection Pumps and Injectors                                                          16 
2-3 Cooling System                                                                                                 22 
      2-3-1 Primary Water                                                                                          22 
 VI
      2-3-2 Secondary Water                                                                                      22 
      2–3–3 Primary Water Thermostatic Control Valve                                          22 
      2–3–4 Radiator                                                                                                  23 
      2–3–5 Fresh Water                                                                                            27 
  2–4 Inlet Air and Exhaust Systems                                                                          27 
  2–5 Air Start System                                                                                                30 
       2–5–1 Air Receiver                                                                                           30 
2–6 Lubricating Oil System                                                                                     33 
      2–6–1 Lubricating Oil Sump                                                                             35 
      2–6–2 Lubricating Oil Filter                                                                              35 
      2–6–3 Lubricating Oil Pump                                                                             36 
      2–6–4 Lubricating Oil Relief Valve                                                                  37 
      2–6–5 Lubricating Oil Pressure Regulating Valve                                            37 
      2–6–6 Thermostatic Control Valve (AMOT)                                                    37 
      2–6–7 Pre-Lubricating Oil Pump                                                                      38 
Chapter Three: the Importance of the Diesel Generator 
   3-1 Introduction                                                                                                       40 
3-2 Turbine Lubricating Oil System                                                                        41 
3-3 Lubrication Oil System Components                                                                43 
      3-3-1 Main Oil Pump                                                                                         43 
      3-3-2 Auxiliary Oil Pump                                                                                  44 
      3-3-3 Turing Gear                                                                                              45 
      3-3-4 Turning Gear Oil Pump                                                                           46 
      3-3-5 Emergency Lubricating Oil Pump                                                           47 
      3-3-6 Jacking Oil System                                                                                  48 
      3-3-7 off Load Cooling Water Pump                                                                48 
 
 VII
Chapter Four: Expected Problems 
4-1 Introduction                                                                                                       49 
4-2 Lubrication                                                                                                        51 
4-3 Expected Problems                                                                                            53 
      4-3-1 Friction                                                                                                     53 
      4-3-1-1 Piston Assembly Friction                                                                      55 
      4-3-1-2 Crankshaft Bearing Friction                                                                 56 
      4-3-2 Wear                                                                                                        57 
      4-3-2-1 Adhesive Wear                                                                                     58 
Chapter Five: Proposed Remedy of Critical Problems & Design Solution 
5-1 Introduction                                                                                                       59 
5-2 Circuit Description                                                                                            59 
      5-2-1 Automatic Start Sequence                                                                        59 
      5-2-2 Manual Stop Sequence                                                                             62 
 5-2-3 Modification of Stop Circuit                                                                    64 
                                    Chapter Six: Conclusion                                                      65 
                                                           References                                                      70            
Appendices 
Appendix -1: Simplified Start & Stop Circuit                                                            67 
Appendix -2: Modified Stop Circuit                                                                          71 
Appendix -3: Engine Circuit Control & Protection Drawing                                    74 
Appendix -4: DC Control Drawing                                                                            75                     
 
 
 
 
 
 VIII
List of Tables 
Table                                                                                                              Page 
                                  
2-1 Engine Basic Data                                                                                       14 
 
4-1 Qualities Required of Engine Oils to Perform the Main                             52 
      Lubrication System Functions 
       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 IX
List of Figures 
Figure                                                                                                                  Page 
                                  
1-1 Station Photograph                                                                                             2 
1-2 Combustion Cycle                                                                                         4 
1-3 Steam Cycle                    6 
1-4 Riverside Work                8 
1-5 Demineralization Plant              10 
 
2-1 MB 190 12cylinder Vee Engine                          15 
2-2A Schematic Diagram of Fuel Oil System                                                         17 
2-2B Fuel Oil System                                                                                              18 
2-3 Fuel Oil Filter                                                                                                    19 
2-4A Fuel Injection Pump                                                                                       20 
2-4B Injector                                                                                                           21 
2-5 Schematic Diagram of Primary (jacket water) Cooling System                      23 
2-6 Expansion Tank                                                                                               24 
2-7 Schematic Diagram of Secondary (intercooler) Cooling System                   25 
2-8 Thermostatic Control Valve                                                                            26 
2-9 Radiator                                                                                                           26 
2-10 Schematic Diagram of Exhaust and Combustion System                             29 
2-11 Schematic Diagram of Air Start System                                                       31 
2-12 Air Receivers                                                                                                 32 
2-13 Schematic Diagram of Lubricating Oil System                                            34 
2-14 Lubricating Oil Filter                                                                                    35 
2-15 Lubricating Oil Pump                                                                                   36 
 
 X
List of Figures 
Figure                                                                                                              Page 
                   
2-16 Thermostatic Control Valve                                                                        37 
2-17 Pre Lubricating Oil Pump                                                                            39 
 
3-1 Turbine Lubricating Oil System                                                                    42 
3-2 Turbine Main Oil Pump                                                                                 43 
3-3 Turbine Auxiliary Oil Pump                                                                          44 
3-4 Turbine Turning Gear                                                                                    45 
3-5 Turning Gear Oil Pump                                                                                 46 
3-6 Turning Gear Oil Pump                                                                                 47 
3-7 off Load Pump                                                                                               48 
 
4-1 Construction and Nomenclature of a Typical Piston and Ring Assembly    55 
4-2 Schematic of Hydrodynamically Lubricated Journal Bearing                      56 
4-3 Typical Engine Journal Bearing Load and Eccentricity Diagram                 57 
     
 
 
 
 
 
 
 
 
 
 XI
List of Abbreviations 
N.E.C National Electricity Corporation 
MW Mega Watt  
FD Fan Force Draught Fan 
LPH Low Pressure Heater 
B.F.P Boiler Feed Pump 
RWT Reserve Water Tank 
CO2 Carbon Dioxide  
pH parts hydrogen 
RFTs Reserve Feed Tanks 
C+ Cationic 
A- Anionic 
m3/h Cubic Meter per Hour  
kWH Kilo Watt per Hour 
A/F Air Fuel Ratio 
BMEP Brake Mean Effective Pressure 
BHP Brake Horse Power 
kW Kilo Watt 
rpm Revolution per Minute 
mm Millimeter  
m/s Meter per Second 
A1, A2, A3, A4, A5, A6 Numbers of Cylinders in Bank A 
B1, B2, B3, B4, B5, B6 Numbers of Cylinders in Bank B 
A1 Fuel Class 
g/kW.h Gram per Kilo Watt Hour 
M Meter 
 XII
°C centigrade 
SDNR Slow Down Non Return 
SEA30 Type of Lubricant Oil 
V Volt  
C&I Control and Instrumentation 
B bar 
AC  Alternative Current 
DC Direct Current 
EP Extreme Pressure 
con-rod Connecting Rod 
TC Turbo Charger 
µm Micrometer  
Φ Attitude Angle 
Ε Eccentricity Ratio 
Db Bearing Diameter 
hm Minimum Clearance 
N  Shaft Rotational Speed 
HNA Auto selector relay 
HNA2 and 3 Auto selector relay contacts 
HMA,HMB,HMC Busbar detection relays 
HMA1,HMB1,HMC1 Busbar detection relays contacts 
TSD, T02 Main delay timer 
TSD1 Main delay timer contact 
HPR, Q3 & HPP, Q5 Pre-priming relay 
HRN, Q2 Run relay 
TPQ Pre-prime timer 
 XIII
TSP, T01 Stop timer 
USA,USB,USC Speed units 
PSI Start sequence indicator lamp 
HPR1 Prime protection circuit contact 
HPR3 Pre-prime solenoid contact  
NPP, Q8 Pre-prime solenoid 
HRN1 Stop timer latching contact 
TSP1 Stop timer contact 
HRN2 Main delay timer latching contact 
HRN3 Run solenoid contact 
NRN, Q10 Run solenoid 
EPO1 Lube oil pressure switch 
HPP1 Start relay and start delay timer contact 
HST, Q6 Start relay 
TST Start delay timer 
HPP2 Oil released solenoid contact 
NOR Oil released solenoid 
ETA Alternator temperature meter relay 
ETX Exhaust temperature meter relay 
HST1 Pre-prime relay (HPR) contact 
HST2 Crank protection circuit contact 
HST3 Repetitive attempts to start contact 
TRA Repetitive attempts to start timer 
NAS, Q9 Air start solenoid 
TPH Protection timer 
HAR Alternator voltage detector relay 
 XIV
UAV Under/over voltage detector relay 
UAV1 Transient voltage timer delay contact 
TTV Transient voltage timer delay 
HAR1 Alternator voltage detector relay contact 
TWU Warm up timer 
TWU1 Warm up timer contact 
HAT Alternator voltage relay 
HAT2 Start sequence indicator lamp contact 
PSC Sequence completed indictor lamp 
HAT3 Alternator voltage relay contact 
HAS Alternator voltage relay 
HIP Interposing relay 
HAS3 Heater relay contact 
HHE Heater relay 
HAS4 to HAS7 Radiator fans contacts 
HAS8 Ventilation fan contact 
HAS9 Transient voltage delay timer (TTV) contact  
HAS10 Alternator heaters disconnecting contact 
HAS11 Circuit breaker trip contact 
HAS12 Hand follow-up meter delay contact 
HIP1 110v DC breaker closing signal contact 
HIP2 Busbar A break trip contact 
HIP3 Busbar B break trip contact 
TPQ1 Pre-prime timer contact 
TPH Protection timer 
TPH1 Protection timer contact 
 XV
NOR1 Oil released solenoid contact 
HPQ1 Prime protection contact 
HAS1 Interposing relay 
BEP2, Q7 emergency push button  
HHE1,HHE2,HHE3 Engine heaters connecting contacts to the AC supply 
I1 Protection  
I2 Stop  
I3 Auto/Manual  
I4 Manual Start 
I5 Auto Start 
T03 Lube oil pump 
T04 Speed switch 
BSP, Q4 Stop 
Q11 Engine Running in Normal Speed 
 
 Study of Engine Lubrication System During Run Down 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter One: Description of Dr. Sharief Power Station 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter One Description of Dr. Sharief Power Station 
Study of Engine Lubrication System During Run Down 1
1-1 Introduction: 
All over the world, electricity had acquired great importance for lighting, heating 
and for industrial purposes. This implied that, nowadays, electric power 
consumption in a country is considered as the measure of its development. 
In the Sudan, the electric power plants of the National Electricity Corporation 
(N.E.C), utilize diesel engines, hydraulic turbines, gas turbines and steam 
turbines. Presently, the (N.E.C) has been studying to generate electricity from 
renewable energy (i.e. wind and photovoltaic energy) in Darfur and the Northern 
Region (Dongla).This is due to the fact that the construction of large and 
extensive power grids is very expensive and difficult in view of the vast distance 
between small and isolated communities. So renewable energy is more suitable to 
such regions. 
 Dr. Sharief Power Station (Khartoum North Power Station) is a steam power 
plant generation located east of Khartoum north industrial area and the 
advantages of this location are: 
1- No problem of this site with air navigation safety. 
2- The nearness of rail and road transport facilitated non-stop fuel supply. 
3- Availability of distribution and transmission substation. 
4-  Industrial and private consumers are nearly close. 
Dr. Sharief Power Station (Khartoum North Power Station) was installed to 
overcome the deficiency of hydro power generation during muddy and summer 
season and to respond to the increasing demand for energy from industrial and 
private consumers. 
Dr. Sharief Power Station complex consists of: (see Fig 1.1 (station photograph)) 
1- Power plant building. 
2- Administration building. 
3- Work shop and main stores. 
Chapter One Description of Dr. Sharief Power Station 
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4- Fuel oil storage tanks. 
5- Demi water treatment plant.  
6- Cooling towers. 
7- Staff accommodations. 
8- Laboratory building. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. (1.1): Station Photograph 
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Dr. Sharief Power Station consists of four Units with a designed capacity of 180 
MW, and the actual power generated varies between 150-175 MW according to 
the unit’s condition.  Phase I (the engine under study is part of it) consists of two 
Units each 30 MW was brought into operation since December 1985 and phase II 
which consists of two Units each 60 MW was established since July 1994. 
The station is the fourth power facility after Merawi hydro power station, Gerri 
power station and Alroseries hydro power station.  
1-2 Power Plant: 
The power plant consists of the boiler, turbine, condenser, generator and all the 
auxiliary equipments used to produce the electrical power.    
 In figure (1.2) the fuel oil (Furnace) is delivered to the boiler from the tank farm 
via fuel oil forwarding pumps at 110°C and 20bar to fuel oil burners. Atomizing 
steam of 9.5bar and 207°C taken from the auxiliary station to atomizing the fuel 
oil before burn out. The combustion air is delivered to the combustion chamber 
through the force draught fan (FD fan) then is heated by the air heaters to 270°C 
and enters the combustion chamber through oil burner’s dampers. 
The combustion chamber which at temperature about 1200°C generates a 
saturated steam on the evaporating walls. The produced saturated steam is 
collected in the steam drum. This saturated steam entered the primary super 
heater to be heated up by a hot flue gases to 480°C and enter the secondary super 
heater where its temperature increase to 520°C (very dry super heated steam) [1]. 
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Fig. (1.2): Combustion Cycle 
Primary 
Secondary 
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In figure (2.2) the superheated steam enters the turbine at 510°C and 87 bars to 
rotate the single cylinder turbine which coupled directly to the alternator to 
produce power about 60 MW. 
The exhausted steam leaves the turbine to the condenser at vacuum of 0.075bar 
and 45°C, The condensations water is collected on the condenser hot well. Two 
condensate extraction pumps extracted the condensate water from the hot well 
and pumped it to deaerator through low pressure heater 1(LPH 1) to increase the 
water temperature to 80°C, and through low pressure heater 2 (LPH 2) to increase 
the water temperature to 110°C, the temperature of the condensation water 
increasing by using the bleeding steam from the turbine to the heaters. 
The water is pumped from the deaerator by two boiler feed pumps (B.F.P) at 
135°C to economizer via high pressure heaters to increasing the out let 
temperature to 208°C. 
The feed water enters the economizer at 208°C then by using a hot flue gases 
from the boiler the feed water temperature in the economizer is raised to 270°C, 
which enters the boiler drum and then the cycle repeats itself. Pure water supplied 
to the cycle from the demineralization plant via reserve feed water tank (RWT), 
which topping the system. 
The flue gases which produced on the combustion chamber passes through fourth 
different parts, enters the secondary super heater bank at first to heat up the 
superheated steam to final temperature required 520°C, secondly passes through 
the primary super heater bank so as to dry the saturated steam and change it to 
super heater steam, at third part the flue gases flows across the economizer so as 
to raise the temperature of the feed water before enters the boiler drum. Finally 
the flue gases pass through the air heater to increase the temperature of the 
combustion air before leaves through the chimney duct to atmosphere [1].     
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 Fig. (1.3): Steam Cycle  
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1-3 Common Areas: 
1-3-1 Fuel Oil Unloading Area: 
In the past, the fuel oil handling area received heavy fuel oil (Furnace) from 
Elobied Refinery by rail way or road tankers. The area is provided to receive the 
fuel oil (Furnace) in summer or winter and there is heating system to heat the fuel 
oil (Furnace) in the winter due to its high pour point (40°C) to make it easy for 
handling and pumping to four fuel oil storage tanks each one with a capacity of 
20000 tons. All storage tanks are sufficient to feed the power station for three 
months. 
Nowadays the power station is receiving two type of fuel oil: 
1- Heavy fuel oil (Furnace) which is used to supply phase II Units. 
2- Heavy gas oil received from Khartoum Refinery which is used to supply 
phase I Units. In this type of fuel oil no heating is required due to the low 
pour point (4°C). 
1-3-2 Fuel Oil Forwarding Area: 
Six variable speed motors drive screw pumps, three pumps for each phase are 
provided to transfer oil from any storage tank to the boiler via fuel oil heaters. 
Each of these pumps is capable of supplying the fuel oil requirements of both 
boilers for phase I. Phase II needs two pumps for supplying the fuel oil 
requirements of both boilers.  Fuel oil handling comprises two distinct systems 
[2]. 
1-3-3 Riverside Works: 
Four intake lift pumps are provided at riverside plant which is illustrated in Fig. 
(1.4) to supply raw water from Blue Nile River to the river side works. Each 
pump can supply the sufficient raw water for generating 180 MW on the power 
station site. 
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River water is directed into clarification plant inlet channel and through 
connections on the channel is dosed with dilute solution of polyelectrolyte and 
calcium hypochlorite before discharging into pre-settlement tank. The larger 
particles of suspended solids in the raw water are formed with the assistance of 
the polyelectrolyte and settle on the base of the tank as sludge. 
Three clarifier tanks are installed. In operation, dosed water from the pre-
settlement tank via the inlet chamber enters the clarifier through the inlet port at 
the base. The feed from the pre-settlement tank is through concrete channels 
especially designed to try to eliminate the settling out of solids. 
Four reinforced concrete storage tanks are provided to store the clarified water. 
Each tank contains two clarified water forwarding pumps, which feed water to 
the main power station site [3].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (1.4): Riverside Work 
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1-3-4 Demi Water Treatment Plant:  
The demineralization water plant which is illustrated in Fig. (1.5) provides 
Khartoum North power plant with demineralization water. The clarified water for 
the water treatment plant is stored in the clarified water tank. From there, it is 
pumped to the gravel filters to remove the solids from the clarified water. For 
removal of dissolved ionic species, a cation and anion exchanger is employed. 
Two removers are provided to remove CO2 from the decationized water. A mixed 
bed exchanger located after the cation/anion exchangers is used as a safety 
polisher in order to remove any residual ion leakage from cation and anion 
exchangers. 
The mixed bed exchanger consists of a strong base/strong acid resin. The water 
from the mixed bed out let is directed to demineralization water tank.   
Water losses from a circulation system, changes in production rates and chemical 
feed rate and thereby influence the ability to maintain proper control of the 
system. Other variables inherent in utility water systems include: 
- Water flow/velocity. 
- Water temperature. 
- Process demands. 
- Evaporation rates. 
- Operation skill/training. 
- Water characteristic (suspended solids, hardness, PH). 
- Treatment product quality. 
A well designed program is essential to maintaining proper control. The program 
should include proper control limits and the ability to troubleshoot problems that 
interfere with control of water chemistry [4].  
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Fig. (1.5): Demineralization plant 
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In Dr. Sharief Power Station, Units performance is a component of the kWH. The 
cost incurred in the power station, is that of fuel oil consumption which is 
measured by the heat rate (ratio between supplied fuel energy and electric 
energy). The Units performance is obtained by calculation of the parameters 
which are to be compared with the target value. These parameters are:  
1- Air fuel oil ratio (A/F ratio). 
2- Excess air. 
3- Rotary air heater logarithmic temperature difference. 
4- Boiler efficiency. 
5- Condenser terminal temperature. 
6- Unit over all efficiency. 
The steam power station life time is estimated to about 20 years. For extending 
the Units life, for boilers, acid cleaning of the boilers was used every five years. 
This improves the boiler efficiency by removing scale which it acts as an 
insulator, preventing the heat from the burner to reach the water. This increases 
boiler flue temperature (more heat is lost up the stack) and can lead to damage to 
the boiler. For turbines, these are maintained every five years, by cleaning the 
blades and replacing the blades that are affected by erosion. 
Due to the new policy of the (NEC) to improve the maintenance in the power 
station a preventive maintenance program is started in the year 2003. Preventive 
maintenance is to retain the item under consideration in satisfactory operational 
condition by: 
1- Providing system inspection. 
2- Detection and prevention of incipient failures. 
3- Reduce time of annual over haul. 
4- Reduce maintenance cost. 
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After the preventive maintenance is completed, reliability and capability factors 
of the units are increased.  
Dr. Sharief Power Station produces 33% of the total thermal power generated by 
NEC. This percentage constitutes about 22% of the total generation. The total 
generated electricity by NEC is not sufficient to meet the required demand in 
Sudan. Therefore NEC has started to increase the thermal power generated at Dr. 
Sharief station by constructing phase III which consist of two units (100 MW 
each) and now under commissioning. 
1-4 The Stand-By Diesel Engine: 
The prime mover is a Mirrlees Blackstone 12MB190, Vee 12 cylinder, air start 
diesel engine. Compressed air is used to start the engine by injecting it into all 
cylinders, via non return valves, controlled in turn by individual valves actuated 
from the camshaft. Compressed air also is used to propel the lubricating oil pre-
priming pump, which primes the lubricating oil system prior to starting. The pre-
priming pump is made up from a Varley Gear pump, type 50SR/MO1 and a 
globe air motor, type R.M.310. The compressed air is stored in two Bennet air 
receivers which are automatically topped up by an electric compressor, and in the 
event of failure of the electric compressor, the standby diesel driven can be used.  
The engine speed is controlled by a Woodward UG8 governor which keeps the 
engine speed at a constant 1500 rpm, but should the engine go into over speed 
condition it is protected by two over speed devices, an electrical shutdown and 
should that fail to stop the engine a mechanical over speed trip which operates 
after the electrical protection. The engine has a wet sump lubricating system and 
the oil is force fed to all working parts by an engine driven internal gear type 
lubricating oil pressure and scavenge pumps. The fuel oil is supplied from a 1000 
gallon daily service fuel tank to individual injection pumps via an engine driven 
fuel pressurizing pump. 
   
Study of Engine Lubrication System During Run Down 
 
 
 
 
 
 
 
 
 
 
Chapter Two: Description of the Stand-By Diesel Engine 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter One Description of Dr. Sharief Power Station 
Study of Engine Lubrication System During Run Down 13
The cooling system for this plant is by a remote radiator which is split into three 
sections to facilitate the cooling of the following: 
1- Primary cooling system, including engine jackets, cylinder head and   
    turbocharger.  
2- Secondary cooling system, which is the charge air cooler (intercooler). 
3- Engine lubricating oil.  
The electrical powers generated by a four salient pole, brushless, double bearing 
G. E. C. AG2M50 alternator. The alternator is connected to the engine via a WB4 
holsett flexible coupling. The voltage regulation of the alternator is achieved by 
an automatic voltage regulator or manually by the hand control unit. 
The objective of this research is to study the ability of modification of the said 
diesel engine stopping electrical circuit, this will make allowance for the pre-
priming pump to cut-in during engine run down and provide pressurized oil to the 
engine parts to avoid any damage can be occurred to the main bearing and other 
moving parts that can be affected by stopping the engine from high shaft speed 
and high lube oil temperature.    
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In each steam power plant, a back – up system should be provided to insure power 
supply during the loss of this power in the main grid. The returning back of power 
supply to the main grid takes long time, accordingly quick starting back – up system 
should be installed in steam power plant to protect the steam turbines and other 
equipments. Dr. Sharief steam power station used diesel engines as a back – up system 
to provide the power supply. The save guarding of back – up system is more important 
to the power station during the sudden power supply loss. Detailed description was 
introduced thorough this chapter for the diesel engines under study. 
2-1 Basic Data 
Engine type is a Mirrlees Blackstone MB 190 12 Cylinder Vee Engine as shown in 
Fig. (2.1).The basic data shown in the table (2.1) [5]. 
 
1 Aspiration. Exhaust turbo charger with charge air cooler
2 BMEP / BHP. 17.9 bar / 2148 
3 Brake power / Rated speed. 1602 kW / 1500 rpm 
4 Working cycle. 4 – stroke 
5 Displacement per cylinder.  5.9 liters 
6 Bore / Stroke.  190 mm / 210 mm 
7 Piston speed at 1500 rpm. 10.5 m/s 
8 Maximum cylinder pressure. 151.7 bar 
9 Injector release pressure. 345 bar 
10 Effective compression ratio.  12.7:1 
11 Firing order. A1-B1-A3-B3-A5-B5-A6-B6-A4-B4-A2-B2 
12 
Specific fuel consumption at 
100% load subjected to a 
tolerance of 5% based on fuel as 
BS 2869/1970 class A1 with a 
net caloric value of 10.200 
calories per gram.  
202 g/kW.h (brake) 
        Table (2.1): Engine Basic Data 
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Fig. (2.1): MB 190 12 Cylinder Vee Engine 
 Chapter Two                                                                                      Description of the Stand-By Diesel Engine 
 
Study of Engine Lubrication System During Run Down 
 
16
2-2 Fuel Oil System  
In the fuel oil system (gas oil) which is shown in Fig. (2.2A& 2.2B), the fuel oil is 
pumped to a daily tank from a bulk supply using an electrically operated pump. A 
stand – by semi rotary hand pump is provided as a back – up. Fuel oil is piped to a fuel 
oil transfer pump, engine driven from the governor drive and positioned below the 
governor. Fuel oil is transferred by external piping to the filter mounted on the side of 
the main frame and from that filter to the manifold which feeds the fuel injection 
pumps. A through flow of fuel oil is arranged in the fuel injection pumps and it passes 
into a return manifold and then back to the fuel service tank [5]. 
2-2-1 Fuel Oil Filter   
The fuel must be entirely free from foreign matter as it enters the engine otherwise 
excessive wear will take place, particularly in fuel injection system. 
The filter (5 micron) as shown in Fig. (2.3) is intended to remove small particles of 
foreign matter and is not intended to clean the dirty fuel. A duplex filter is fitted and 
the change over from one bowl to the other can be made whilst the engine is running. 
2-2-2 Fuel Injection Pumps and Injectors 
The fuel injection pumps Fig. (2.4A) deliver a metered amount of fuel for the engine 
load, under pressure, to the injectors Fig. (2.4B), and when the pressure in the injectors  
reaches the pre – set release pressure, the fuel discharged through the nozzle in the 
form of a fire mist or spray into combustion chamber. 
Each fuel injection pump is complete with its own tappet and roller is lubricated via 
drillings in the engine main frame. It is of the positive displacement type incorporating 
special design features for optimum performance. A barrier groove is incorporated to 
prevent fuel oil leakage into the main frame.  
All fuel connections are external to the main frame, being arranged to provide through 
flow of fuel for cooling and priming purposes. Similarly, the fuel pipes to the injector 
are fitted externally to provide easy access and to avoid the possibility of the dilution 
of lubricating oil by fuel. Provision has been made for an oil cooled injector, if 
required [5].  
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Fig. (2.2A): Schematic Diagram of Fuel Oil System 
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1- Engine driven fuel pressurizing pump. 
2- Fuel pump out let. 
3-  By – pass valve. 
4- Fuel input from supply tank 
5- Fuel pipe to filter. 
6- Fuel in manifold. 
7- Fuel injection pump. 
8- High pressure fuel pipe to injector. 
9- Injector. 
10- Injector fuel leak – off pipe. 
11- Fuel out manifold. 
12- Fuel manifold drain plug. 
13- Fuel filter. 
14- Fuel out return to service tank. 
15- Fuel out stop cock.                                               
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Fig.(2.2B): Fuel Oil 
System 
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1- Head & Valve Assymbly.                                            2- Valve Handle. 
3- Relief Valve.                                                                4- Joint Ring. 
5- Element Cartridge.                                                       6- Filter Bowl. 
7- Seal Element Bottom.                                                  8- Washer. 
9- Spring.                                                                       10- Circlip. 
11- Bowl Seal.                                                                12- Support Washer. 
13- Centre Bolt. 
Fig.(2.3): Fuel Oil Filter 
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1- Fuel injection pump.  2- Spill pipe banjo connection.  3- Banjo connection drains into fuel 
out manifold.    
4-   Delivery from injection pump. 5- Nuts holding pump to cam housing.  6- Fuel injector. 
7-   Fuel delivery.                8- Fuel spill.                                  9- Nuts – injector retaining.
Fig. (2.4A): Fuel Injection Pump 
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1- Washer – inlet connector. 
2- Seal – O ring. 
3- Thrust ring – seal. 
4- Spring. 
5- Inlet connector assembly. 
6- Protective cap. 
7- Union. 
8- Washer – leak off. 
9- Protective cap. 
10 -Nozzle holder body. 
11-Plate – shim. 
12-Shim. 
13-Spring plate – upper. 
14-Spring – injector. 
15-Dowel. 
16-Spindle – guided thrust. 
17-Transfer block. 
18-Washer – blanking. 
19-Nozzle nut. 
 
Fig. (2.4B): Injector 
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2-3 Cooling System 
The standard cooling system comprises two circuit primary and secondary water 
system. 
2-3-1 Primary Water 
The Primary (fresh) water which is shown in Fig. (2.5) is circulated by an engine 
driven pump, it has to cool the main frame, engine liners, liner flanges, cylinder heads 
and turbocharger. 
The system consists of a water header tank, a cooler, a thermostatic valve, a flow 
control valve which must not be completely shut when the engine is running, inlet and 
outlet temperature indicator (input 70°C – 75 °C and output 80°C), a pressure gauge, a 
low pressure alarm, and a high pressure alarm. The circuit has a high temperature 
alarm is set to operate at 85°C. There is an expansion tank Fig. (2.6) with level 
indicator to ensure the circuit capacity of 271 liters of soft water is maintained [5]. 
2-3-2 Secondary Water  
The secondary (raw) water circuit as shown in Fig. (2.7) is used for cooling the charge 
air intercooler. The circuit uses an engine driven pump, flow control valve which must 
not be completely shut when the engine is running and temperature gauges one of 
these being at the intercooler inlet where the temperature should not exceed 30°C [5]. 
2–3–3 Primary Water Thermostatic Control Valve 
The thermostatic, when used in the fresh water systems, acts as a diversion valve as 
shown in Fig. (2.8), to secure a fast warm up and then control the temperature of the 
water in the outlet manifold. The water must there fore first pass over the element, and 
if below the nominal temperature, travel directly back to the pump through the 
normally open side of thermostat, by passing the heat exchanger or cooler. On the 
Amot valve, the inlet through port (A) and by pass to the pump through port (B) with 
port (C) routing water to the cooler. Thermostatic diverting valve set at 77°C [5]. 
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2–3–4 Radiator 
A remote, air cooled radiator Fig. (2.9) located at 12 m high is used for cooling system 
It is divided into three banks, two for primary and secondary water system, and the 
other bank for lubricating oil system [5].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (2.5):  Schematic Diagram of Primary (jacket water) Cooling System  
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Fig. (2.6):  Expansion Tank
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Fig. (2.7):  Schematic Diagram of Secondary (intercooler) Cooling System
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Fig. (2.8):  Thermostatic Control Valve
Fig. (2.9):  Radiator  
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2–3–5 Fresh Water 
It is essential that water for cooling the engine and the turbocharger should be clean 
and also that it should not be too hard. Dirty water causes sediment to collect in 
cooling water spaces, whilst hard water causes the formation of scale. Either of these 
effects will reduce the transfer of heat to the water. In order to prevent corrosion and 
scale formation in cooling systems, strict attention should be paid to the type of water 
used and a suitable water treatment should be applied. 
Corrosion is caused mainly by the presence of dissolved oxygen and carbon dioxide in 
the water. It responsible for pitting, graphitic wastage, rust formation and chocking the 
pipes and jackets, so that besides accelerated wear of engine, effective cooling 
becomes impossible and general inefficiency, high fuel and lubrication oil cost and 
over heating are the result. 
Scale formation caused by deposition of dissolved solids which become insoluble 
upon heating of the water. The presence of scale – forming dissolved solids is 
indicated by the hardness of the water. The harder the water, the more scale is formed. 
Scale formation reduces the cooling capacity and causes the chocking of pipes and 
water jackets, especially in the hottest places (such as cylinder heads) and general 
inefficiency results. 
Distilled water or condensate doesn’t contain scale – forming dissolved solids, but is 
corrosive due to dissolved oxygen and carbon dioxide. It is to be noted that all 
dissolved solids in natural water become concentrated as a result of evaporation and 
that concentrated dissolved solids are conductive to corrosion. These treatments 
should not be used in conjunction with those mentioned previously without seeking 
advice.    
The primary and secondary cooling systems circulate demineralised water and are 
made up from a common make – up / expansion tank [5].  
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2–4 Inlet Air and Exhaust Systems 
Inlet air and exhaust system is shown in Fig. (2.10), the objective of turbo charging 
and intercooling is to increase the weight of air supplied to the engine cylinders, by 
pressurizing and cooling the air thus increasing the volumetric efficiency. This enable 
a greater quantity of fuel to be consumed, thereby increasing the output per cylinder 
compared with that of a similar naturally aspirated engine.  
Each turbocharger consists of a single stage, axial flow, exhaust gas driven turbine, 
driving a centrifugal air compressor, all mounted on common rotor shaft supported in 
bearings mounted at each end of the shaft. The compressor draws air from the 
atmosphere, usually via a filter/silencer, and delivers it under pressure, through the 
charge air cooler to the charge air inlet manifold, through the air inlet valves and into 
the engine cylinders. 
The arrangement of the exhaust pipes between the cylinder heads and the turbocharger 
is designed to reduce the interference between the exhaust from different cylinders. 
The stainless steel exhaust piping fitted with internally sleeved self – supporting 
bellows and quick release couplings is enclosed by a heat shield. The turbocharger is 
connected to the charge air cooler with expansion bellows; they are mounted at the 
flywheel end of the engine. 
In each charge air cooler, the air passes over finned tubes which are cooled by raw 
water. The charge air coolers have been designed to give a high cooling efficiency 
with low pressure loss. Each turbocharger and charge air cooler is normally mounted 
at the flywheel end of the engine immediately above the camshaft gear train 
compartment. 
The turbocharger can be fitted with air filter/silencers or air inlet ducts for connection 
to external silencers and filters. Each turbocharger has its own lubricating system but 
is supplied with fresh water for cooling from the engine cooling system [5].  
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Fig. (2.10):  Schematic Diagram of Exhaust and Combustion Air Systems 
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2–5 Air Start System 
The air start system is shown in Fig. (2.11). The engine is started by compressed air 
which is piped from the air receiver, via air start master valve, to the rectangular 
section manifold running along the engine, below the fuel injection pumps. The 
manifold connects directly to poppet type air start timing valves, one per cylinder, via 
banjo bolts. The timing valves are opened by a cam on the camshaft. Compressed air 
from an opened valve passes to, and opens a non – return valve situated on the side of 
the cylinder head. The compressed air entering the cylinder forces the piston down and 
starts the engine to rotate. The timing valves on the other cylinders then open in 
sequence and keep the engine rotating until it start. 
The air start valve is opened by control air when the start button on the instrument 
panel is depressed [5].  
2–5–1 Air Receiver 
The air receiver which is shown in Fig. (2.12) should be installed in a cool position as 
close as possible to the engine and the air in the receiver should be maintained at the 
engine start pressure of 27.6 bar. 
Each engine receiver is fitted with a drain pipe extended to the lowest part of the 
receiver and venting through a hand operated valve which should be opened 
periodically to expel the condensate before the receiver is recharged [5].  
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Fig. (2.11):  Schematic Diagram of Air Start System
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1 – Air start master valve. 2 – S D N R valve. 3 – Pressure regulator, line filter and 
line regulator. 
Fig. (2.12): Air Receiver 
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2–6 Lubricating Oil System 
The lubricating oil system which is shown in Fig. (2.13) was designed so that the 
engine would be suitable for either Marine or Indusrial application. The engine has a 
wet sump which houses the dipstick, its purpose is for checking the oil level which 
should never be allowed to fall below the minmum mark. It is important too that when 
topping up, the correct oil specification and preferably the same brand of oil is used. 
The lubricating oil is circulated by a gear type pump; the circuit includes a cooler and 
a filter. Before entering the cooler, there is an automatic thermostatic valve which, if 
the oil temperature is 65◦C, the cooler will be bypassed and the oil will go directly to 
the filter. A shut down device operates if for any reason the pressure should fall below 
a safe working minimum 1.7 to 2.0 bar. The oil circuit also has a high temperature 
alarm which operates if the oil reaches over 80◦C [5]. 
Within the engine, the oil passes via cast – in steel manifolds in the main frame 
providing lubrication for the main bearings, large end and small end bearings, 
gudgeon pins and crankpins, when fitted, the Geislinger damper add to the pistons for 
cooling purposes. The intermediate gear and pinion shafts and from the intermediate 
shaft bearing housing via drilling and external piping to the governor and fuel 
pressurizing pump drive, to the governor and to the oil sprayers for the gear drives to 
the governor, the lubricating oil pump, the raw water and fresh water pumps. The 
crankshaft and intermediate gears receive oil from sprayers, spraying downwards and 
upwards. The camshaft bearings, the fuel pumps, the tappet block and the cam 
followers, by external piping to the rocker gear and the valve spindles. The raw water 
and fresh water pumps and the over speed trip mechanism are also fed by external 
piping [5]. 
Turbochargers have their own lubrication system and the sumps should be filled with 
the recommended lubricant [5]. 
Best quality heavy duty detergent diesel oil, viscosity SEA30 must be used. It is 
important that the detergency level should be adequate but not higher than is actually 
necessary (increasing the detergency level beyond what is necessary for a clean engine  
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may in fact impair engine performance). If there is any thought of using oil of a lower 
detergency level, this should be entertained only after very careful consideration of 
condition of the engine following long periods of running on the oil shown. The use of 
insufficient detergent oil could allow a build up of carbon around the piston rings and 
have other affects which would ultimately cause serious harm [5]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. (2.13):  Schematic Diagram of Lubricating Oil System
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2–6–1 Lubricating Oil Sump 
The engine sump capacity is approximately 332 liters, to these figure must be added 
the capacity of the oil radiator, piping etc. In addition to the quantity of oil required to 
fill the sump initially or at oil changes, adequate storage and handling facilities must 
be provided for usage at a very approximate rate of 22.7 liters per 100 bhp per 100 
hours at full load [5]. 
2–6–2 Lubricating Oil Filter 
The oil filters which is shown in Fig. (2.14) is a Vokes vertical model which houses to 
micro felt disposable cartridges for easy servicing. There is differential pressure 
indicator fitted in parallel with the filter which by pressing a button will indicate oil 
pressure on entering or on leaving the filter. If an unnecessarily high drop in pressure 
is noted, it may signify that it is time to change the filter element. The maximum 
differential pressure allowed for the lubricating oil filter is 0.7 bar [5]. 
 
 
 
 
        
                                
 
 
 
 
 
 
                                                                            
 
 
 
Fig.(2.14): Lubricating Oil Filters 
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2–6–3 Lubricating Oil Pump 
The lubricating oil pump which is shown in Fig. (2.15) is fitted on the flywheel end of 
the engine. Beneath the pump is the relief valve. The large 100 mm bore suction pipe 
runs from the sump to the pump; the 80 mm bore delivery pipe carries the outlet from 
the pump, with a 50 mm bore branch to the relief valve [5].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.(2.15): Lubricating Oil Pump    
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2–6–4 Lubricating Oil Relief Valve 
The engine fitted with a pressure relief valve Fig. (2.15), this is connected to the 
engine driven lubricating oil pump delivery pipe, it achieves pressure by discharging 
back to the suction side of the pump thus protecting the pipes and equipment against 
pressure build – up when the oil is cold or should there be a restriction in the system. 
The setting is 9.0 bar reseating on falling pressure at 6.2 bar [5].  
2–6–5 Lubricating Oil Pressure Regulating Valve 
This is connected to the lubricating oil inlet pipe at the free end of the engine and it 
discharge back to the sump. It can be regulated by unscrewing the top cap, releasing 
the locknut and turning the adjusting screw – clockwise to increase the pressure vice 
versa. The pressure setting 5.5 bar reseating on falling pressure at 4.1 bar. The normal 
working pressure within the engine 5.0 bar [5]. 
2–6–6 Thermostatic Control Valve (AMOT) 
The direction of flow through the thermostatic valve which is shown in Fig. (2.16), 
when used to control the temperature of the lubricating oil as it enters the engine must 
be the reverse of what it is when the valve is used in the fresh water system. Oil direct 
from the pump enters by the normally open port (B) on the Amot valve and oil from 
the cooler by the normally closed port (C) on the Amot valve, leaving by the port in 
which it flows over the element (A) on the Amot valve. The valve thus functions as a 
mixing valve [5].  
         
          
  
 
 
 
 
 
 
Fig.(2.16): Thermostatic 
Control Valve (AMOT) 
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As described previously the oil cooled in the radiator by fan, the circuit of oil to the 
radiator use a non – return valve in the inlet of the radiator pipe opened by oil pump 
pressure, and flow control valve in the outlet pipe of the radiator, the flow control 
valve operate according to the signal from starting and stopping the engine, when the 
engine start it is open to make possibility of oil flow to the engine, and when the 
engine stop the flow control valve close immediately to prevent the sump over flow by 
maintaining the oil in the radiator because the thermostatic valve spring take time to 
release back and close the thermostatic valve [5].    
2–6–7 Pre-Lubricating Oil Pump 
Oil pumps come in many different configurations. Engine oil pumps are all positive 
displacement pumps (never variable displacement like hydraulic pumps) and can be of 
the internal gear, external gear, or vane type. Although some engines have used vane 
pumps in the past, they are not common today. With the use of high-quality oil and 
proper maintenance and cleanliness procedures determined by the machine's 
application and working environment, the oil pump will normally last the life of an 
engine. Because the pick-up screen is a very course filter, any fine particulate 
contamination that may enter the oil comes either from wear metals within the engine 
or from external factors. The greatest enemy of a well-maintained engine is the funnel 
used to add oil to the crankcase. Grit introduced into the oil through a dirty funnel will 
have an opportunity to grind on the oil pump's internal surfaces before it is removed 
by the oil filter. Larger grit particles left over from repairs and poor maintenance 
practices will leave scratch grooves in the pump. Dust can enter the engine through a 
vented and non-filtered oil filler cap. In dusty situations, enough dust can enter an 
engine to destroy it as the dust gets wiped up and down on the cylinder walls and other 
critical engine parts. Fine dust wears the oil pump gears and housing slowly and 
evenly. The finest dust, from clay soil, can also have a polishing effect on the cylinder 
walls. 
A lack of engine lubrication commonly occurs after an engine has been rebuilt in a 
shop. Technicians too often assume that an engine they have rebuilt will immediately  
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start up and oil pressure will come up quickly. To prevent any damage to a newly 
rebuilt engine, you should always pre-lube the system before starting [6]. The facts are 
simple; oil drains back into the oil pan, oil is needed to lubricate the moving engine 
parts, cold oil takes longer to travel through the engine to protect these moving parts, 
and finally unprotected metal to metal contact wears engine components.  This “wear” 
results in fine metal particles, these particles circulate through your engine; this is 
known as contamination.  This contamination further accelerates the wear of your 
engine [7]. The pre lube oil pump which is shown in Fig. (2.17) is outboard engine oil 
pump which it takes oil from the oil pan and pump it into the engine via the engines 
oil passages, oil filter or oil pressure sender port depending on the installation. It is 
operating when the key is turned to the "on" position prior to starting. When you turn 
on the key the pre lubrication pump starts. The pre lubber supplies oil to the interior of 
the engine the same as the engines oil pump, but at a slightly lower pressure. The oil 
pressure gauge will rise, and when it does, you wait a half a minute or so and then it is 
time to crank the engine up. In models with a turbo, the pre-lubber will also run after 
the engine is shut down to prevent the oil in the turbo bearing from "coking " and to 
remove additional heat from the turbo bearing. Oil trapped in a confined space with no 
flow and excessive temperatures will 'coke' or thicken and harden up like tar [8].  
 
 
 
 
 
 
 
 
Fig.(2.17): Pre Lubricating 
Oil Pump 
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3-1 Introduction  
The stand – by diesel engine is used to drive the 1.2 MW Generator which is 
provided to supply electricity to (in the event of normal power loss) the essential 
equipments for the safety and security of plant and personnel on the power 
station.   
Essential equipment includes: 
1- Emergency lighting. 
2- HVAC for critical areas. 
3- Battery chargers (including C & I). 
4- Fire protection – alarms and auxiliary equipment. 
5- Diesel generator auxiliary equipment, and,  
6- Turbo – generator essential equipment including the jacking oil pump, the 
turning gear, off – load pump and the turning gear oil pump. 
The above equipments are supplied via the 415V essential services board which, 
under normal conditions, derives its supply from one of the Station Auxiliary 
Transformers. 
In the event of a power failure, the generator will automatically start, run up to 
speed and close onto dead bus bars of 415V essential services board. The 
generator may, if required, be selected to start up and automatically synchronize 
onto the energies switchboard [1]. 
The primary purpose of a lubricant is to prevent two bearing surfaces from 
coming into direct contact. When lubricant surface slides or rolls over another, 
the lubricant adheres to each surface and the motion takes place within the 
lubricant. The two metallic surfaces do not come into contact, and wear is 
therefore reduced. Fluid friction occurs as one film of the lubricant moves over 
other. 
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In addition to this primary function, lubricants are sometimes required to carry 
away heat developed, as in turbine bearing, or to operate hydraulic cylinders and 
devices, as in turbine governors [9]. 
Proper and continuous lubrication is of utmost importance in the operation of 
steam turbines which makes the permanent power supply to the turbo – generator 
essential equipment including the jacking oil pump, the turning gear, off – load 
pump and the turning gear oil pump it is very important [9].  
3-2 Turbine Lubricating Oil System 
The lubricating oil system shown in Fig. (2.1) provides oil to the turbo-generator 
bearings at a controlled pressure and temperature under all operating conditions. 
Oil is supplied to the system by four pumps arranged to operate sequentially and 
maintain oil supply under all machine running conditions.  
Each of the oil pumps serving the lubricating oil system draws oil from the main 
oil tank and discharges through a common line to two oil coolers where the oil is 
cooled and then filtered before passing into bearing oil feed manifold pipe to the 
bearings. The pressure in the line is maintained substantially constant by means 
of lubricating pressure relief valve which passes excess oil back to the main oil 
tank. Used oil discharged through connections in the bearing blocks and passes 
through discharge pipes equipped with sight glasses to allow oil flow for visual 
inspection. The oil passes into a drain reservoir pipe which is large enough in 
diameter to accept the normal flow of drain oil without running full and, as the 
pipe is arranged with a slight downward slope towards the oil tank, the oil returns 
to the main tank at relatively slow rate thus assisting the de-aeration of the oil [10].  
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Fig. (3.1): Turbine Lubricating Oil System 
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3-3 Lubrication Oil System Components 
3-3-1 Main Oil Pump 
Fig. (3.2) illustrates the main oil pump function during the normal operation 
condition. This pump driven by turbine shaft and used to supply the quantity of 
oil required for the lubricating and control system when the turbine is running at 
normal speed [10].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (3.2): Turbine Main Oil Pump 
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3-3-2 Auxiliary Oil Pump 
Fig. (3.3) illustrates the auxiliary oil pump function during the non operational 
condition of main oil pump. This pump driven by electric motor supplied from 
unit board is used to provide an oil supply to the turbine lubricating and control 
systems when the main oil pump is not fully operational, i.e. at start-up and shut-
down or in an emergency [10].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (3.3): Turbine Auxiliary Oil Pump 
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3-3-3 Turning Gear 
Fig. (3.4) illustrates the turning gear which is provided to rotate the shafts slowly 
during pre-warming operation and after shut down to prevent uneven heating or 
cooling of the shafts which could lead bending with possible fouling of the fixed 
moving parts. The turning gear speed is chosen to ensure even heating or cooling 
of the shaft and at the same time provide some measure of circulation of the air 
within the casings after shut down, particularly at the low pressure end, thus 
contributing to their uniform cooling. It is therefore of the first importance that 
whenever the turbine is to be started, or while it is still hot after being shut down, 
the turning gear should be in service. During the normal operation the turning 
gear supplied from the generating power, but in event of power supply loss the 
turning gear takes its supply from the diesel generator, therefore the availability 
of diesel generator is more necessary to maintain permanent power supply during 
the black out [10].      
            
            
             
 
 
 
 
 
 
 
 
 
 
 
T u r n in g g e a r
Fig. (3.4): Turbine Turning Gear  
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3-3-4 Turning Gear Oil Pump 
Fig. (3.5) illustrate the AC turning gear oil pump which is provided to supply the 
total lubricating oil requirements when the machine is on turning gear. The 
turning gear oil pumps are some of the equipment supplied by the diesel 
generator during the power loss [10]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (3.5): Turning Gear Oil Pump 
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3-3-5 Emergency Lubricating Oil Pump 
The DC emergency lubricating oil pump shown in Fig. (3.6) fulfils the duties of 
the AC turning gear oil pump if failure of the AC oil pump occurs [10].  
 
 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (3.6): Emergency Lubricating Oil Pump 
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3-3-6 Jacking Oil System 
 A high pressure jacking oil system shown in fig. (3.1) is provided to lift the 
heavy generator shaft just clear of the bearings, by establishing an oil film 
between the shaft journals and the bearing metal, while the shaft is stationary or 
at low speed. This reduces the torque required from the turning gear motor when 
it is brought into service. Oil is supplied to the system by a twin delivery high 
pressure oil pump which draws its oil supply from the lubricating oil to bearings 
line downstream from the oil filters. A pressure switch in the jacking oil pump 
suction line inhibits the pump from starting when the pressure is less than 0.3 bar. 
Relieve valves are fitted in the delivery lines from the pump which maintain the 
oil to the bearings at constant pressure; these valves are also equipped with 
solenoid operated unloading facility. The unloading facility is provided to allow 
the pressure on the delivery side of the pump to be fully relieved when starting or 
stopping the pump. The jacking oil system must be supplied by the Essential 
Services Diesel Generator in case of black out [10]. 
3-3-7 off - Load Cooling Water Pump 
 Fig. (3.7) illustrates the off-load cooling water pump which is located in the 
cooling water pump house and provided to circulate cooling water to the 
auxiliary cooling water cooler when the main cooling water pumps are shut 
down. It is a single stage centrifugal pump driven at 415V, with a rated duty of 
30 m3/hr at a differential pressure head of 20m. The electrical supplies are 
obtained from the 415v Essential Supplies Switchboard.    
 
 
 
 
 
Fig. (3.7): off - Load Pump 
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4-1 Introduction  
When one solid surface is made to slide over another, the motion is resisted by 
friction between the surfaces, and heat is generated to an extent depending on the 
speed and the load. Extreme examples are the primitive method of producing fire 
by rubbing together two pieces of wood, and the overheating and eventual seizure 
of a dry metal bearing. 
Friction can be reduced, motion facilitated, and overheating prevented by 
interposing a fluid film between the two surfaces; the fluid is a lubricant and its 
application provides lubrication. This is true whatever the solid – wood, plastic, 
or metal – and whatever the fluid, e.g. water, oil, air, or gas. 
A metal surface, however well machined and however smooth it may appear to 
be, is not so smooth in microscopic or molecular dimensions; it presents an 
irregular pattern of asperities and intervening troughs. When two such surfaces 
come together, the contact is not over the whole area, but is only where asperities 
meet. Under load asperities deformed and adhere together. If sliding takes place, 
force is required to overcome the adhesion, and this force is equal to the sliding 
friction. The mechanical energy supplied will be converted to heat, and wear will 
occur whenever the rupture of an asperity adhesion results in transfer of material 
from one surface to the other, or formation of a separate particle. 
By applying a fluid film between the surfaces to keep them a part, provided the 
thickness of the film is greater than the height of the asperities and the load is 
insufficient to disrupt the film. Resistance to motion is then due to solely to 
resistance within the film which, by definition, is the viscosity of the fluid. 
Friction is low, heat generated and wear is negligible.  
This is the ideal state of lubrication, and is known as ‘full – film lubrication’ or 
‘fluid – film lubrication’. The film may be provided and maintained by supplying 
the lubricant under sufficient pressure to withstand the load (‘hydrostatic 
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lubrication’) or more usually, by the lubricant being drawn in between the 
surfaces as result of the design of the system to form a wedge shaped film in 
which sufficient pressure is generated to support the load (‘hydrodynamic 
lubrication’ ).   
In recent years, it has been realized that at high pressure two other factors, 
distortion of the metal and increase in oil viscosity have to be taken into account 
to explain the maintenance of lubrication under high loads that would be 
precluded by conventional hydrodynamic theory. These phenomena may occur 
under high pressure, resulting in an increase in film thickness load – bearing 
capacity. Lubrication under such conditions is designated ‘elastohydrodynamic 
lubrication’. 
Under high loads, the film may be so reduced in thickness that is easily ruptured, 
and contact between asperities may occur. Resistance to motion (friction) will 
then be due no longer solely to the viscosity of the lubricant, but to deformation 
of asperities and rupture of welds, with consequent increase in friction and onset 
of wear. Effective lubrication still can be maintained if the lubricant contains 
polar molecules that adhere or are adsorbed onto the metal surfaces to form a film 
that shears more readily than does the metal substrate. Resistance to motion is 
then due to shearing of the adsorbed layer rather than to deformation of 
asperities. Lubrication under these conditions is called boundary lubrication. 
Mineral oils are deficient in polar molecules and therefore poor boundary 
lubricants unless reinforced by the incorporation of suitable additives.  
At still higher loads boundary conditions may be surpassed and the adsorbed film 
of polar material will no longer prevent metal – metal contact, high friction and 
wear. Again lubrication may be maintained by the use of additives – extreme 
pressure (EP) additives – that contain compounds of sulphur, chlorine or 
phosphorus which do not readily react with metals at moderate temperatures but 
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do so at the hot spots between asperities to form films that shear more readily 
than does the metal. 
In a diesel engine, full – film lubrication exists between the liners and the rings 
and pistons, except at the extremities of piston travel, but not until the engine has 
been ‘run in’. During the running-in the major asperities are worn off the surfaces 
of the liner and rings and the rings acquire curved profile which promotes 
hydrodynamic lubrication. This running-in process, which may be accelerated by 
the use of a special running-in lubricant, gives a controlled but not too fine 
surface finish to liners and rings, and is the best method of obtaining a good 
working fit between them. 
Bearing and journals do not normally need running-in; the accurate finish of 
bearing shells, crankpins and journals achieved by modern machining techniques 
make it unnecessary.         
4-2 Lubrication  
The lubricant and the lubricating system perform the following function:  
1. Reduce the frictional resistance of the engine to a minimum to ensure 
maximum mechanical efficiency. 
2. Protect the engine against wear. 
3. Contribute to cooling the piston and regions of the engine where friction 
work is dissipated. 
4. Remove all injurious impurities from lubricated regions. 
5. Hold gas and oil leakage (especially in region) at an acceptable minimum 
level. 
Table (4-1) lists the qualities required of engine oils to perform the main 
lubrication system functions [11]. 
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Main 
function 
required 
Where and when Qualities required 
During cold-starting Low enough viscosity to provide good 
pumping and avoid undue cranking 
resistance. 
Between con-
rod/crankshaft 
bearings, and journals 
Minimum viscosity without risk of 
metal-to-metal contact under the 
varying condition of temperature, 
speed, and load.  
 
 
 
 
 
Reduce 
frictional 
resistance 
 
 
 
Between pistons, rings, 
and cylinders   
Sufficiently high viscosity at high 
temperatures; good lubrication 
property outside the hydrodynamic 
condition, especially at top-center. 
Antiseizure properties, especially 
during the run-in period. 
During shut-down or 
when running at low 
temperature 
 
Must protect metallic surfaces against 
corrosive action of fuel decomposition 
products (water, So2, HBr, HCl, etc.) 
Must resist degradation (resist 
oxidation, have good thermal stability) 
Protect against 
corrosion and 
wear 
In normal running Must counteract action of fuel and 
lubricant decomposition products at 
high temperatures, especially on non-
ferrous metals By intervention in the 
friction mechanism. 
Must reduce the consequences of 
unavoidable  metal-to-metal contact 
Must resist deposit formations which 
would affect lubrication (detergency or 
dispersive action) 
Must contribute to the elimination of 
dust and other contaminations 
Table (4.1): Qualities Required of Engine Oils to  
Perform the Main Lubrication System Functions 
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(dispersive action 
Assist sealing In the ring zone, 
especially at TC 
Must have sufficient viscosity at high 
temperatures and low volatility 
Must limit ring and liner wear 
Must not contribute to formation of 
deposits in ring grooves and must 
prevent such formation 
Contribute to 
cooling 
Chiefly of pistons, 
rings, and con-rod 
bearing 
Must have good thermal stability and 
oxidation resistance 
Must have low volatility  
Viscosity must not be too high 
Facilitate the 
elimination of 
undesirable 
products 
During oil drains to 
eliminate atmospheric 
dust, soot from diesel 
engines, pb salts, wear 
debris, organic 
products from burned 
fuel and lubricants, and 
other contaminants, 
which promote 
deposits or accelerate 
wear. 
Must be able to maintain in fine 
suspension all solid material 
(dispersivity) whatever the 
temperature and physical and chemical 
conditions (water). 
Must be able to solubilize certain 
organic compounds particularly heavy 
oxidation products. 
This chapter, however, deals with expected problems due to insufficient 
lubricating oil to the engine under study during engine run down. 
4-3 Expected Problems  
4-3-1 Friction 
Not all the work transferred to the piston by the gases contained in side the 
cylinder – the indicated work – is available at the drive shaft for actual use. That 
portion of the work transferred which is not available is usually termed friction 
work. It is dissipated in variety of ways within the engine and engine auxiliaries. 
The friction work or power is a sufficiently large fraction of the indicated work or 
power – varying between about 10% at full load and 100% at idle or no-load – 
for the topic to be of great practical importance in engine design. Friction losses 
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affect the maximum brake torque and minimum brake specific fuel consumption 
directly; often the difference between a good engine design and an average 
engine is the difference in their frictional losses. A large part of the friction losses 
appear as heat in the coolant and oil which must be removed in the radiator and 
oil cooler system. Thus, friction losses influence the size of the coolant systems. 
Acknowledgement of friction power is required to relate combustion 
characteristic of an engine [11].  
The friction work, defined as the difference between the work delivered to the 
piston while the working fluid is contained within the cylinder (i.e., during 
compression and expansion strokes) and the usable work delivered to the drive 
shaft, is expended as follows: 
1- To draw the fresh mixture, through the intake system and into the 
cylinder, and expel the burned gases from the cylinder and out of the 
exhaust gases system. This is usually called the pumping work.   
2- To overcome the resistance to relative motion of all the moving parts of 
the engine. This includes the friction between the piston rings, piston 
skirt, and cylinder wall; friction in the wrist pin, big end, crankshaft, 
and camshaft bearings; friction in the valve mechanism; friction in the 
gears, or pulleys and belts, which drive the camshaft and engine 
accessories.  
3- To drive the engine accessories. These can include: the oil pump, the 
water pump, the fuel pump, and the generator.       
All this work is eventually dissipated as heat; the term of friction work or power 
is therefore appropriate [11].  
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4-3-1-1 Piston Assembly Friction 
The construction and nomenclature of a typical piston and ring assembly is 
shown in Fig. (4.1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The piston skirt is a load – bearing surface which keeps the piston properly 
aligned with the cylinder bore. The piston lands and the skirt carry the side load 
which is present when the connecting rod is at an angle to the cylinder axis.  
The piston assembly is the dominant source of engine rubbing friction. The 
components that contribute to friction are: compression rings, oil control rings, 
piston skirt, and piston pin. The unavailability of the pre-priming system during 
the engine run down will reduce the film thickness during intake, compression 
and exhaust. This large change in film thickness over one cycle is the reason the 
ring friction regime changes from boundary lubrication to thick – film 
hydrodynamic lubrication. When the oil thickness drops below about 1 µm, 
asperity contact will begin and the friction will increase [11]. 
Fig. (4.1): Construction and Nomenclature of a Typical Piston and Ring Assembly [11] 
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 4-3-1-2 Crankshaft Bearing Friction 
Crankshaft friction contributions come from journal bearings (connecting rod, 
main and accessory or balance shaft bearings) and their associated seals. A 
schematic of a journal bearing operating under hydrodynamic lubrication is 
shown in Fig. (4.2). 
  
 
 
 
 
 
 
 
 
 
 Large loads can be carried by journal bearings with low energy losses under 
normal operating conditions, due to the complete separation of the two surfaces 
in relative motion by the lubricant film. Loads in crankshaft journal bearings vary 
in magnitude and direction because they result primarily from the inertial loads of 
the piston/connecting rod mechanism and cylinder gas loads. Typical loads and 
the resulting journal eccentricity diagram for a connecting rod bearing are shown 
in Fig. (4.3). from the journal eccentricity diagram the minimum oil film 
thickness is determined. This quantity, the minimum separation distance between 
the journal and bearing surfaces, is a critical design parameters. If the film 
thickness is too low, asperities will breaker through the oil film and substantially 
Fig. (4.2): Schematic of Hydrodynamically Lubricated Journal Bearing [11] 
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increase the friction and wear. Journal bearings are usually designed to provide 
minimum film thickness of about 2 µm. 
The front and rear main bearing seals also contribute to crankshaft assembly 
friction. At 1500 rev/min they are responsible for about 20 percent of the friction 
attributable to the crankshaft [11].       
 
 
      
 
 
 
 
 
 
 
 
 
 
 
4-3-2 Wear 
Wear as friction has the same feature, that is, complexity. It is customary to 
divide wear occurring in engineering practice into four broad general classes, 
namely: adhesive wear, surface fatigue wear, abrasive wear and chemical wear. 
Wear is usually associated with the loss of material from contracting bodies in 
relative motion. It is controlled by the properties of the material, the 
environmental and operating conditions and the geometry of the contacting 
bodies. As an additional factor influencing the wear of some materials, especially 
certain organic polymers, the kinematic of relative motion within the contact 
Fig. (4.3): Typical Engine Journal Bearing Load and Eccentricity Diagram [11] 
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zone should also be mentioned. Two groups of wear mechanism can be 
identified; the first comprising those dominated by the mechanical behaviour of 
materials, and the second comprising those defined by the chemical nature of the 
materials. In almost every situation it is possible to identify the leading wear 
mechanism, which is usually determined by the mechanical properties and 
chemical stability of the material, temperature within the contact zone, and 
operating conditions [12]. 
4-3-2-1 Adhesive Wear 
Adhesive wear is a very serious form of wear characterized by high wear rates 
and a large unstable friction coefficient. Sliding contacts can rapidly be destroyed 
by adhesive wear and, in extreme cases; sliding motion may be prevented by very 
large coefficients of friction or seizure. Metals are particularly prone to adhesive 
wear hence its practical significance. Most lubricant failures in sliding metal 
contacts result in adhesive wear since this relates to a breakdown in the 
lubricant's basic function of providing some degree of separation between the 
sliding surfaces. If sliding surfaces are not separated adhesion and subsequent 
wear are almost inevitable [13]. Adhesive wear affect certain parts of the engine. 
In the upper cylinder, metal-to-metal contact between piston, rings, and cylinder 
walls takes place each time in the engine when there is insufficient lubricating 
oil. Adhesive wear also occur on components such as cams, tappets, drive gear, 
rocker arm ends, and valve stems [11]. 
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5-1 Introduction  
To prevent occurrence of such critical problems like friction and wear for the 
engine internal parts, we have to ensure the availability of cutting-in for the pre-
priming pump during engine run down. This will maintain pressurized oil into the 
engine parts. Accordingly, the electrical starting and stopping circuit should be 
checked to diagnose the root cause of unavailability of the pre-priming pump 
during engine rundown.    
5-2 Circuit Description  
5-2-1 Automatic Start Sequence  
When the engine start selector is in auto, the auto selector relay HNA is 
energized. The contacts HNA2 and 3 change over in the remote circuit. The 
essential services busbar is monitored by the busbar detection relays HMA, HMB 
and HMC. Should all phases fail the relays will de-energize and their contacts 
HMA1, HMB1 and HMC1 close energizing the mains delay timer TSD. After a 
preset delay adjustable between 0.6 and 60 seconds the start delay timer 
completes its cycle. Contact TDS1 closes energizing the pre-priming relay HPR, 
run relay HRN, pre prime timer TPQ, stop timer TSP, speed units USA, USB, 
USC and illuminating the start sequence initiated indicator lamp PSI. Contact 
HPR1 opens in the fail to prime protection circuit, contact HPR3 closes 
energizing the pre-prime solenoid NPP, contact HRN1 closes latching contact 
TSP1, contact HRN2 closes latching contact TSD1 and contact HRN3 closes 
energizing the run solenoid NRN which operates within the governor. Contact 
TSP1 opens in the control circuit and contact HRN1 maintains the circuit. The oil 
priming solenoid starts the oil priming pump and when the lubricating oil 
pressure rises above 0.42 bar the lube oil pressure switch EPO1 changes over de-
energizing the pre-prime relay HPR to energize the pre-prime relay HPP. Contact 
HPR1 closes in the fail to prime protection circuit. Contact HPR3 opens de-
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energizing the pre-prime solenoid NPP stopping the pre prime pump. Contact 
HPP1 closes energizing the start relay HST, start delay timer TST. Contact HPP2 
closes energizing oil release solenoid NOR, alternator temperature meter relay 
ETA, and the exhaust temperature relay ETX. 
Contact HST1 changes over energizing the pre-priming relay HPR, contact HST2 
opens in the fail to crank protection circuit and contact HST3 closes energizing 
the repetitive attempts to start timer TRA.  
Contact HPR1 opens in the fail to prime protection circuit. 
Contact HPR3 closes energizing the pre-prime solenoid NPP starting the pre 
prime pump.Timer TRA energizes the air start solenoid NAS. The 
NAS solenoid opens allowing compressed air to enter the cylinders to crank the 
engine, with solenoid NOR energized the oil is allowed to be circulating through 
the oil cooler. 
TRA turns on for 5 seconds then off for 10 seconds repetitively. 
During the on periods the engine cranks and the air pressure recovers during the 
off periods.The engine should fire and run up to speed. 
When the engine speed rises above 400 r.p.m. the cranking speed control unit 
USA contact opens de-energizing the start relay HST. 
Contact HST1 changes over de-energizing the pre-prime relay HPR to energize 
the protection timer TPH. 
Contact HST2 closes in the fail to start protection circuit. 
Contact HST3 opens de-energizing the repetitive attempts to start timer TRA. 
Contact HPR1 closes in the fail to prime protection circuit. Contact HPR3 opens 
de-energizing the pre-prime solenoid NPP stopping the pre prime pump. 
TRA turns off de-energizing the air start solenoid NAS cutting off the 
compressed air supply to the cylinders. 
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When the engine speed rises above 1320 r.p.m. the under speed control unit 
contact USB closes in the under speed protection circuit. 
The alternator voltage rises and the alternator voltage HAR energizes and the 
under and over voltage detector UAV restores. 
Contact UAV1 opens in the transient voltage timer delay TTV circuit. 
Contact HAR1 closes energizing the warm up timer TWU. 
After a preset time (adjustable) timer TWU times out and its contact TWU1 
closes energizing alternator volts relay HAT. 
Contact HAT2 changes over extinguishing the starting sequence initiated 
indicator lamp PSI to illuminate the sequence completed indicator lamp PSC. 
Contact HAT3 closes energizing the alternator voltage relay HAS. 
Contact HAS1 closes energizing the interposing relay HIP.  
Contact HAS3 closes energizing the engine heater relay HHE if not energized. 
Contacts HAS4 to 7 close starting radiator fans No 1 to No 4 respectively. 
Contact HAS8 closes starting the ventilation fan. Contact HAS9 opens de-
energizing the transient voltage delay timer TTV. 
Contact HAS10 opens disconnecting the alternator heaters from the A. C. supply. 
Contact HAS11 opens in the diesel circuit breaker trip circuit.  
Contact HAS12 closes in the hand follow-up meter delay circuit. 
Contact HIP1 closes in the 110V D.C. breaker closing signal circuit and busbar A 
and B contacts closed. Contact HIP2 closes in the mains (A) breaker trip circuit. 
Contact HIP3 closes in the mains (B) breaker trip circuit.  
Once the Diesel generator set is transferred to the essential busbar the busbar 
detection relays HMA, HMB and HMC re-energize. Contacts HMA1, HMB1 and 
HMC1 open de-energizing mains delay timer TSD and interposing relay HIP. 
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Contact TSD1 opens but the circuit is maintained via emergency push button 
BEP2 and contacts HRN1 & 2. After a preset time of 55 seconds the pre priming 
delay timer TPQ completes its cycle. 
Contact TPQ1 opens in the fail to prime protection circuit. After a preset time of 
45 seconds the protection timer TPH completes its cycle. 
Contact TPH1 opens preparing the air filter differential pressure difference, lube 
oil filter differential pressure difference, low lube oil pressure, high alternator 
winding temperature, high exhaust temperature, high lube oil temperature, high 
coolant temperature and under speed alarm and protection circuits. 
After a preset delay of 40 seconds the start delay timer TST completes its cycle. 
Contact TST1 opens in the fail to start circuit.  
Referring to above starting circuit, it can be seen that the pre-priming pump 
following the correct procedure for the condition of heavy duty and high speed 
diesel engine by providing pressurized oil to the engine before starting.  
5-2-2 Manual Stop Sequence 
Pressing STOP push button disconnects the D.C. supply to the start control 
circuit, de-energizing the speed units USA, USB, USC, the start delay timer TST, 
alternator volts relay HAT, protection hold off timer TPH, pre-priming relay 
HPP, run relay HRN, pre-priming delay timer TPQ, warm up timer TWU, stop 
timer TSP and extinguishes the sequence complete indicator lamp PSC. 
Contact TST1 closes in the fail to crank protection circuit. Contact HAT2 
changes over from the sequence completed.  
Contact HAT3 opens de-energizing the alternator volts relay HAS and contact 
USA closes in the start relay HST circuit. 
Contact USB opens in the under speed protection circuit and contact USC 
remains closed in the over speed protection circuit. 
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Contact TPH1 closes preventing the air filter differential pressure, lube oil 
differential pressure, low lube oil pressure, high alternator winding temperature, 
high exhaust temperature, high lube oil temperature, high coolant temperature, 
and under speed alarm protection circuits from operating during shutdown and 
when the plant is at rest. 
Contact HPP1 opens in the start and voltage relay circuits. Contact HPP2 opens 
de-energizing the oil release solenoid NORl, alternator temperature meter relay 
ETA and exhaust temperature meter relay ETX. Contacts HRN1 and 2 open in 
the control circuit. Contact HRN3 opens de-energizing the run solenoid NRN. 
Contact HPQ1 closes in the fail to prime protection circuit. Contact HAS1 opens 
in the interposing relay HIP circuit. Contact HAS3 opens de-energizing the 
engine heaters relay HHE. Contacts HAS4 to 7 open stopping the radiator fans 
No 1 to No 4 respectively. Contact HAS8 opens stopping the ventilation fan. 
Contact HAS9 closes in the transient voltage delay timer TTV circuit. 
Contact HAS10 closes connecting the alternator heaters to the supply. 
Contact HAS11 closes in the trip circuit of the diesel generator set breaker. 
Contact HAS12 opens in the hand follow-up meter delay circuit. 
De-energization of solenoid NOR1 closes the valve preventing the oil to circulate 
through the oil cooler. Contacts HHE1 to 3 closes connecting the engine heater 
circuit to the A.C. supply. The run solenoid NRN operate within the Governor. 
With the fall in alternator voltage alternator volts relay HAR and under/over 
voltage relay UAV de-energize. Contact HAR1 opens in the warm up timer TWU 
circuit. Contact UAV1 opens in the transient voltage delay timer TTV circuit. 
After a preset delay of 20 seconds the stop timer TSP completes its cycle. 
Contact TSP1 closes preparing the control circuit. 
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5-2-3 Modification of the Stop Circuit 
The control circuit for the stop sequence has been checked and it was found that 
the stop circuit does not allow the pre-priming pump to operate during the engine 
rundown which is abnormal condition for this type of engine and not 
recommended by the manufacturer, consequently the modification of this circuit 
is more desirable to be capable to include the functionality of pre-priming pump 
start sequence during the engine rundown. The pre-priming system should be 
initiated during the run-down phase (as fuel is cut off) and sustains pump 
operation for say 5 minutes after the engine has stopped. The engine internal 
parts are there-by protected from a build-up of heat from the energy left due to 
high temperature and reduced frictional wear between engine components. The 
primary objective of the modification herein is to provide the control circuit of 
the pre-lubrication system with timer off-delay (T05). After pressing stop push 
button the new timer off – delay (T05) will energize the pre-priming relay (HPR) 
and contact (HPR3) closes energizing the oil priming solenoid (NPP). The oil 
priming solenoid starts oil priming pump to provide sufficient engine lubrication 
during the engine run down and for 5 minutes after engine shut down. 
SIEMENS LOGO! Demo software has been used to check and verify the 
capability and performance of the modified control circuit by simulating the 
circuit components in static condition. The software is also used to create, draw 
and simulate the existing control circuit to compare between the modified circuit 
and old one. The said modification is the best way to overcome the consequences 
due to un-lubricant engine –driven components, and the modification not affect 
other system and no more cost like to install new pre-priming pump in the 
system. 
After this modification is done, the pre-priming system work perfectly and 
prevent an un-lubricant condition at engine start up and shut down.   
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This research is concerned with assessing the performance of the pre-
priming system during the engine run down and concludes the followings: 
• The instruction manual of the stand-by diesel engine at Dr. Sharief 
Power Station stated clearly that the pre-priming pump should be 
operating during the engine run down for at least 5 minutes. 
• From mechanical side the pre-priming pump was working properly 
and providing pressurized lubricating oil during the engine run up. 
• The pre-priming system was not provided with push button to operate 
the pre-priming pump manually.  
•  the electrical circuit for the start and stop sequence has been checked 
and it was found that the start circuit sequence following the 
recommended conditions for the diesel engines by allowing the pre-
priming pump to operate during the engine run up, and the stop circuit 
sequence not following the recommended conditions for the diesel 
engines, resulting in this the pre-priming pump failed to operate 
during the engine run down. 
• Slight modification has been made by adding timer delay-off to the 
electrical circuit for the stop sequence to operate the pre-priming 
pump during the engine run down, so that an adequate degree of 
          lubrication is maintained between all operating engine components   
     that reduces friction as well as destructive wear. 
• This modification will not affect other systems and not requiring any 
modification whatsoever to the mechanical structure of the pre-
priming pump. 
• Although no problems were reported in the engine, having oil 
pressure during and after engine shut down can prevent engine 
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components to interact in an un-lubricant condition and suffer a 
relatively great amount of wear and tear to those components in the 
future. 
• The modified electrical circuit for the stop sequence has been tested 
and verified by SIEMENS LOGO! Demo software and was applied 
properly.  
 
At the end of this study it is recommended that: 
•  The proposed modification to the electrical circuit for the stop 
sequence should be adopted.  
• Till this modification is done the engine should be operating with no 
load for at least 5 minutes to cool down the engine.   
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Appendix -1 
Simplified Start & Stop Circuit  
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Appendix -2 
Modified Stop Circuit 
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Timer off delay has been 
added to modify the control 
circuit for the stop 
sequence; this will operate 
the pre-priming pump 
during engine run down. 
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Appendix -3 
Engine Circuit Control & Protection Drawing 
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Appendix -4 
DC Control Drawing 
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